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balls, gave a spark about 8 inches long over the excited glass 
tube ; and since the Leyden-jar, with a charge much lower than 
that required to produce a spark § inch long between the two 
brass balls, was sufficient to give a spark about 13 inches long 
over the excited glass tube ; it was at once seen that the length 
of the spark over the excited glass tube, increases faster than the 
intensity of the charge of the Leyden-jar. Of course the law 
which connects the length of the spark over the excited glass 
tube, with the intensity of the charge of the Leyden-jar, 
can only be determined by experiment. It is, however, to 
be noticed that, from the experiments of Harris and others, 
the length of a spark in air of a Leyden-jar varies directly 
with the intensity of the charge—that is, with the quantity 
of electricity in the jar as measured by any such con¬ 
trivance as the unit-jar. And further, that the length of the 
spark over the excited glass tube depends (1) on the length of 
the spark which the charge of the Leyden-jar can produce 
between the i|-inch brass balls; and also (2) on the degree of 
electrification of the glass tube; and that both these two 
quantities—namely, (i)and(2)—increase together. From these 
considerations, I should expect to find that the length of the 
spark over the excited glass tube increases in some way with the 
square of the intensity of the charge of the Leyden-jar—that is, 
with the square of the potential. 

I dare say that the sparks over the excited glass tube, would 
become very brilliant by using an induction coil to charge the 
Leyden-jar. But to produce the maximum effect, the glass tube 
should, I think, be lined, as in the following experiment, with 
tin-filings instead of the tin-foil. 

A piece of hard German glass tube was taken, and one end 
closed at the blow-pipe and the other end bordered to receive a 
cork. After these operations, the tube was found to be just 
2 feet 2§ inches long; the external diameter of the tube was 

inch, and the glass was -fa inch thick. Next, the closed end 
of the tube was filled with tin-filings to the height of 6 inches, 
the filings having been condensed by tapping the end of the tube 
on a piece of wood. A brass rod, with a knob at one end and 
a screw having been cut on the other end, was screwed into a 
cork which nicely fitted into the glass tube, and, by means of 
the rod, the cork was thrust into the tube until it pressed upon 
the tin-filings, and since the point of the rod was sharp and pro¬ 
jected beyond the cork, the end of the rod entered a little way 
into the tin-filings. The knob of the brass rod now stood just at 
the mouth of the glass tube, and the mouth of the tube also con¬ 
tained a cork through which the brass rod passed. Of the out¬ 
side of the glass tube, the part surrounding the tin-filings was 
painted over with lac varnish, and, as soon as it became suffi¬ 
ciently sticky, a thin piece of tin-foil was wrapped around the 
tube so as to cover the tin filings, and no more. Lastly, the 
remaining portion of the outside of the glass tube was painted 
over with lac varnish. To charge this tubular Leyden-jar, it 
was laid with the tinned end on one conductor and with the 
knob of the brass rod on the other conductor of a Wimshurst 
influence machine. I may mention, in passing, that the capacity 
of this tubular Leyden-jar was surprisingly great in comparison 
with its size ; thus showing that Leyden batteries, both cheap 
and compact, can be made with the aid of glass tube and 
metallic filings. The capacity is no doubt due, more or less, to 
the uniform thinness of the glass, and to the close contact of the 
tin-filings and the glass. The specific inductive capacity of hard 
German glass does not seem to have been ascertained. But of 
course, for the construction of Leyden-jars, and also for the 
plates of the Wimshurst machine, glass of the highest available 
specific inductive capacity should be used. It may not be amiss 
to remark that, owing to the high specific inductive capacity of 
glass as compared with air, the efficiency of a Wimshurst 
machine is probably much more increased by diminishing the 
thickness of the stratum of air between the glass plates than by 
diminishing the thickness of the plates. 

Now, the Leyden-tube produces a class of sparks which I do 
not think have been shown by any other Leyden-jar. The 
Leyden-tube was laid, as before mentioned, on the two con¬ 
ductors of a Wimshurst influence machine, and the discharging 
balls belonging to the conductors were set inch apart. These 
two discharging balls were each if inch in diameter. On turn¬ 
ing the handle of the machine, the Leyden-tube continued, of 
course, to become charged and then to be discharged by the 
|-inch spark between the discharging balls. But besides the 
rnain spark between the discharging balls, little streams of elec¬ 
tricity appeared along the glass tube, and extended away from 


the tin-foil to a distance of ij inch or more. These sparks were, 
I think, best seen in a subdued daylight. They were very 
numerous with each discharge of the tube ; I estimated the 
number of sparks in different discharges as varying between one 
and two dozens. The sparks were sinuous, very bright at the 
tin-foil, and tapering away to nothing at the further end. Some 
of the sparks, however, were not so bright as the others, and 
rather ruddy ; they were probably inside the glass tube, and 
coloured by the varnish on the tube. 

In the Leisure Hour , November 1888, p. 777 (56 Paternoster 
Row), there is a photographic picture of a lightning-blaze, 
wherein the bright ends of several of the flashes are seen to be 
sitting upon what appears to be rock, and the flashes bear a 
strong resemblance to the little sparks whose bright bases rest 
upon the edge of the tin-foil. 

In the Leisure Hour i November 1886, p. 786, there is an¬ 
other representation of a flash of lightning from a photograph. 
In this instance, the flash is thick in the middle, but on ap¬ 
proaching the earth, it tapers off to a fine point. Like as a river 
may be only a small stream at its source and by gathering water 
as it leads on to the sea, become a bulky stream at its mouth ; so 
the sparks on the Leyden-tube gather up electricity from the 
Leyden-tube, and so brighten away to the tin-foil. But in this 
flash of lightning, the very reverse appears to take place. The 
flash is greatly weakened before it reaches the earth, through a 
transverse discharge to the air. For around the brighter portions 
of the flash, the air is shining, and streamers are darting earth¬ 
wards from the flash into the air. At the upper part of the flash, 
there are also streamers acting manifestly as feeders from the 
cloud to the flash. The flash rather resembles a long spark from 
the prime conductor of an electric machine, than the spark of a 
Leyden-jar; but the prime conductor being metallic, can only 
imperfectly represent the much lower conduction of a cloud. 

In .the leisure Hour , September 1889, p. 641, there is an 
engraving from a photograph of the so-called ribbon-lightning. 
This form of lightning is clearly produced by a succession of 
flashes following along the same path, combined with some slight 
motion given to the camera by the hand of the operator; as 
indeed is there pointed out. The question is, How comes it that 
the flash so repeatedly passes along the same path ? The answer 
there given is that suggested by Mr. Cowper Ranyard, “That ap¬ 
parently the first flash would heat the air and slightly rarefy it, 
leaving a path of least resistance, along which subsequent dis¬ 
charges would flow as certainly as water follows the twists and 
turns of a pipe.” It seems to me, however, that a far more im¬ 
portant cause for making a second flash to pass along the path of 
its predecessor is to be found in the action of the transverse dis¬ 
charge, whereby a tubular mass of air becomes electrified around 
the path of the first flash ; and through the electrified air, the flash 
readily passes, as previously shown. In the woodcut, the efful¬ 
gence of the surrounding air and the streamers show that the 
lightning was distributing electricity along its path. The trans¬ 
verse discharge is perhaps never absent from the flash of lightning. 
In Nature, vol. xl. p. 543, a flash of lightning which struck 
a windmill, is described as “ a mass or network of flame, which 
threw off thousands of sparks like fireworks.” 

The discharging balls of the Wimshurst machine were set one 
inch apart, everything else remaining as before. The sparks 
now extended along the glass tube to a distance of about 3^ 
inches from the tin-foil. The general character of the sparks was 
the same as before, when the discharging balls were set half an 
inch apart. 

The discharging balls were set ijj inch apart. When the dis¬ 
charge occurred, the sparks extended along the tube to about 5^ 
inches from the tin-foil. The sparks were straighter, and not 
nearly so numerous as when the discharging balls were set at 
half an inch ; they were also very much brighter, but like the 
others, they all tapered away to nothing. In this experiment, 
the Leyden-tube was charged to about the highest potential that 
the machine would give it; and the matter was not any further 
pursued. Reuben Phillips. 

I Bay View Terrace, Northam, Bideford, October 9. 


t( Darwinism.” 

What my “laborious essay ” “ distinctly professes to be ” is, 
as its title-page announces, ‘ 4 an additional suggestion on the origin 
of species ”; and this additional suggestion is forthwith stated to 
be that of “another factor in the formation of species, which. 
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although quite independent of natural selection, is in no way 
opposed to natural selection, and may therefore be regarded as a 
factor supplementary to natural selection.” This passage occurs 
in the most conspicuous part of the paper, viz. at the close of 
the introduction. In the next most conspicuous part—viz., 
at the close of the paper itself—it is said, “ Without natural 
selection, physiological selection would be powerless to create 
any differences of specific type, other than those of mutual sterility, 
and trivial details of structure, form, and colour.” 

So much for distinct professions. But as I am tired of contro¬ 
verting the statement that I both intended and perpetrated an 
“attack” on Mr. Darwin’s theory, I will not now burden your 
columns by supplying the context, or otherwise easily explain¬ 
ing the passages which Prof. Lankester quotes in support of 
this statement. On a future occasion, however, I hope to avail 
myself of a mor- fitting opportunity fully to display the relation 
in which my “ laborious essay ” stands to the work of Mr. 
Darwin ; and then I trust it will be clearly seen that, whatever 
we may severally think about the “ complementary principle ” of 
physiological selection, at all events it is in no way hostile to 
the cardinal principle of natural selection. 

Edinburgh, November 19. George J. Romanes. 


How not to Teach Geometry. 

As I have come across an almost unforeseen development of the 
above heading, I take the liberty of bringing it before your 
readers. For myself, I may stale that I have considered the 
“ learn a proposition off by heart ” method was sufficiently bad, 
but what is to be made of the method described in the following 
extract from a note which I recently received from my friend :— 
“ We have half of a proposition written on the board, and then 
we write it at home from memory ; then the other half is 
written on the board, and we write that at home from 
memory. Then we have to learn the whole proposition at once, 
to he able to write or say it with different letters. We are not 
allowed to have a printed Euclid book—We are only allowed to 
have a book of Enunciations.” 

Of course this refers to Euc. i. 1. 

I beg to commend the above extract to the Association for 
the Improvement of Geometrical Teaching. I do not know 
whether to add the name of the school where the above system 
is followed by one of the teachers. 

Herbert J. Woodall. 

Normal School of Science, South Kensington, 

November n. 

P.S.—I should like to see opinions on the teaching described. 


A Brilliant Meteor. 

Is not the meteor seen from Warwick School on November 4 
the same as that mentioned in the following from my daughter, 
written from the school at Brookfield, Wigton, Cumberland? 

“On Monday night (November 4), at 7.55 p.m., when out 
on the playground viewing the stars, I saw a most beautiful 
meteor. It seemed to be very near, and was in sight for quite a 
long time. It appeared just over Skiddaw—that is to say, due 
south—and went towards the south-east. It had a long tail of 
light, and burst, and sent out beautiful colours, and disappeared 
near the horizon.” 

I may add that, last Sunday, November 10, at about 5.56 
p.m., I saw here a very bright meteor pass from a point perhaps 
south-south-west, and altitude about 25°, to a point perhaps south 
by east, and altitude about io° or 12°. It was brighter than 
Venus when the planet is at its brightest, I think ; and it seemed 
to flash out still more brightly ju-t before disappearing ; but the 
colour did not change perceptibly from its former soft white 
light, and there was no appearance of bursting. At the time of 
disappearance, its train of light must have extended over several 
degrees. Wm. Scarnell Lean. 

Ackworth, November 16. 


THE CAUSES AND CHARACTER OF HAZE. 

T T NLIKE fog, haze commonly occurs in this country 
when the lower air is in a state of unusual dryness, 
it is not only a frequent accompaniment of a spell of fine 
dry weather, but may be, when in combination with certain 


other conditions, a sign of its approach. Night or morn¬ 
ing fogs, and in winter persistent fogs, often signify a calm 
and settled condition of the air and the prevalence of fair 
weather. Heavy dews, especially in the autumn, likewise 
portend fine weather, but usually of shorter duration. 
Fogs appear usually in one of two conditions : either the 
air is nearly saturated up to a considerable height, or else 
is unusually dry, except in a stratum immediately above 
the ground. In the first case, radiation or condensation 
from some cause produces, by a slight lowering of 
temperature, a large precipitation of vapour ; and in the 
second case, radiation from the earth’s surface being 
excessive, owing to the diathermancy of the dry atmo¬ 
sphere, the stratum next the ground rapidly reaches its 
dew-point, fog is formed, and this fog continues to radiate 
to the clear sky and further to reduce temperature. Haze, 
on the other hand, appears often in weather distinguished 
by unusual dryness, on the surface as well as at a con¬ 
siderable altitude above the ground. The air remains for 
many days uniformly dry, the nights being nearly dew¬ 
less, and the sky often free from clouds. The chief differ¬ 
ence to be observed, then, is this, that fog requires 
saturation where it occurs, while haze seems to be 
favoured rather by a dry atmosphere. 

Haze does not prevail on the continent of Europe or in 
the interior of North America to anything like the same 
extent as in England ; nor, probably, in nud-ocean to the 
same extent as near the shores of northern countries. On the 
east coast of Scotland, and, indeed, overall North Britain, 
it is exceedingly common, especially in the spring, and 
during the prevalence of east wind, although with west 
winds the atmosphere is frequently clearer in summer 
than in Southern England. Over Southern England it is 
a common accompaniment of winds between east-south¬ 
east and north-east inclusive. It appears to prevail more 
on the eastern than on the western coasts when east 
winds are blowing. In Western Surrey, when the lower 
air moves from a westerly direction or is calm, the ap¬ 
proach of east wind is announced by a light haze obscur¬ 
ing distant views, before the east wind has actually 
arrived on the spot of observation. This is not in all 
cases due to the descent of London smoke from a higher 
stratum, where the east wind first gains ascendancy, for the 
phenomenon maybe observed in other localities. The haze 
produced on the first arrival of the east wind is thicker than 
that which remains when the east wind has gained a strong 
hold, and the neutral band where calm prevails between 
a south-west and a north-east current is marked by the 
thickest mist. In winter a dark fog frequently marks this 
neutral zone, often not more than one or two miles in 
breadth, and the zone moves eastwards or westwards 
according as the west or east wind exercises the strongest 
pressure. I have frequently observed this phenomenon 
with great distinctness. In winter, the approach of the 
equatorial after the prevalence of the polar current is 
often betokened by a damp fog and the contrary change by 
a dry fog ; the same changes in summer are respectively 
marked by a great increase of transparency and by a 
spreading haze or mist. The following observations taken 
in Scotland illustrate the phenomena accompanying a 
change from west to east in August. St. Fillan’s Hill is 
a small, steep, isolated volcanic cone about 300 feet in 
height, standing in the middle of the valley of the Earn, 
about two miles from the lower end of Loch Earn, in 
Perthshire. The air was clear, and a fresh westerly 
breeze was blowing when I was on the summit, about 5 
p m. The breeze suddenly began to slacken, and in about 
five minutes had dropped altogether. Then down the 
valley eastwards a blue haze began swiftly to climb the 
glens tributary to Strathearn, and the whole air eastwards 
grew obscure. The calm only lasted a little more than 
two minutes, and then suddenly a strong wind from the 
east set in, and soon the air, westwards as well as east¬ 
wards, was robbed of its transparency. The east wind 
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